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TECHNIQUE

Active decompression improves the
haemodynamic state during cardiopulmonary
resuscitation
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Abstract
Objective-To examine whether use of
the active compression-decompression
device improves the haemodynamics of
cardiopulmonary resuscitation compared
with those of conventional cardiopul-
monary resuscitation.
Design-Prospective crossover study.
Setting-The accident and emergency
departent of a university teaching hos-
pital.
Patients-36 adult patients with non-
traumatic, normothermic, out of hospital
cardiac arrest.
Interventions-Cardiopulmonary resus-
citation was performed during resuscita-
tion in alternating 3 min cycles of
conventional and active compression-
decompression cardiopulmonary resusci-
tation.
Main outcome measures-The end tidal
carbon dioxide (ETco2), femoral arterial
pressure, and acid-base analysis of cen-
tral venous blood measured during the
last 30 s of each 3 minute cardiopul-
monary resuscitation cycle.
Results-ETco2 was monitored in 36
patients during conventional and active
compression-decompression cardiopul-
monary resuscitation. Active compres-
sion-decompression cardiopulmonary
resuscitation caused a significant
increase in ETco, (P < 0.0002), indicat-
ing improved cardiac output. Arterial
pressure measurement was carried out in
10 patients. Systolic pressure was signifi-
candy greater with active compression-
decompression than conventional
cardiopulmonary resuscitation (P <
0.007). Central venous blood was taken
for acid-base analysis in 11 patients.
There was a significant increase in the
central venous hydrogen ion concentra-
tion (P = 0*025) with rises in the partial
pressures of carbon dioxide and oxygen,
suggesting improved venous return.
Conclusions-This study confirms that
active compression-decompression car-
diopulmonary resuscitation is associated
with better haemodynamic status than
conventional resuscitation.
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Closed chest cardiopulmonary resuscitation
has been the standard method of maintaining
blood flow after cardiac arrest since it was
described by Kouwenhoven et all in 1960 but
it is well recognised that it does not restore a
normal circulation. Studies in animal models
and in man have shown the total cardiac out-
put during CPR to be less than 20% of nor-
mal2 ' and cerebral circulation to be only
10-20% of the level obtained with a sponta-
neous circulation.45 As a consequence neuro-
logically intact survival after prolonged
cardiopulmonary resuscitation is uncommon.6

In 1992 Cohen et al7 at the University of
California described a new method of car-
diopulmonary resuscitation, namely active
compression-decompression cardiopulmonary
resuscitation using a device that combines a
broad handle with a suction cup. Active
compression-decompression cardiopulmonary
resuscitation has a compression phase, as in
conventional cardiopulmonary resuscitation,
but the passive relaxation phase is replaced by
active decompression in which the chest wall
is lifted upwards by the suction cup. Initial
studies in a canine model8 and man7 have sug-
gested improved cardiac output with active
compression-decompression cardiopulmonary
resuscitation. A randomised trial comparing
active compression-decompression resuscita-
tion and conventional cardiopulmonary resus-
citation in patients with out of hospital
cardiac arrest demonstrated improved short-
term survival but no significant increase in
survival to hospital discharge.9
We compared conventional and active

compression-decompression cardiopulmonary
resuscitation in adult patients treated for out
of hospital cardiac arrest in an accident and
emergency (A&E) department. We assessed
the efficacy of cardiopulmonary resuscitation
using end tidal carbon dioxide (ETco,),
which reflects cardiac output during cardio-
pulmonary resuscitation, arterial pressure,
and acid-base analysis.

Patients and methods
PATIENTS
We studied 36 adult patients with non-
traumatic, normothermic, out of hospital
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Figure 1 Changes in
mean end tidal carbon
dioxide (ETco) with
conventional and active
compression-decompression
(ACD) cardiopulmonary
resuscitation (CPR).
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neous circulation or if resuscitation was dis-
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liac arrest treated in the A&E department pression cardiopulmonary resuscitation.
he Royal Infirmary of Edinburgh. Some Patients were given sodium bicarbonate were
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nmittee. lines'0 and the resuscitation team leader
'he cardiac arrest was witnessed in 30 remained independent of the study.
%) of the patients and 16 (44%) had The results were analysed using a paired
ived cardiopulmonary resuscitation from two tailed t test.

bystanders. All patients were treated by
Scottish Ambulance Service technicians or

paramedics equipped with a semiautomatic
defibrillator before transfer to the A&E
department. The mean (range) interval
between collapse and ambulance arrival was 9
(0-20) min and between collapse and the
start of the study 37-5 (16-60) min.

METHODS
Tracheal intubation was performed after the
patient's arrival in the A&E department if this
had not been achieved before hospitalisation.
Cardiopulmonary resuscitation was per-

formed in alternating 3 min cycles of conven-
tional cardiopulmonary resuscitation using a

mechanical thumper (Thumper, model 1004;
Michigan Instruments) and active compres-

sion-decompression cardiopulmonary resusci-
tation (CardioPump, Ambii International)
until either there was a return of spontaneous
circulation or resuscitation was discontinued.
Chest compression was performed at a rate of
80/min for each technique with a chest com-

pression to ventilation ratio of 5:1.
Ventilation was maintained throughout with a

fractional inspired oxygen concentration of
1I0 using the Thumper ventilator set to an

inflation pressure of 30 cm water.
ETco2 was monitored using an Ohmeda

5250 RGM capnometer. A right femoral arte-
rial cannula was sited, arterial pressure
recorded (Propaq 106 monitor; Protocol

Results
ETC02
ETco, was used as a non-invasive marker of
cardiac output in 36 patients. The mean

ETco2 increased significantly on changing
from conventional to active compression-
decompression cardiopulmonary resuscitation
(fig 1).

Resuscitation was continued in 30 patients
to allow recording of the ETco2 at the end of
a further 3 min of conventional cardiopul-
monary resuscitation. The ETco2 decreased
significantly in these patients on returning to
conventional cardiopulmonary resuscitation
(fig 1).

This pattern repeated itself in patients in
whom resuscitation continued for further
cycles of cardiopulmonary resuscitation,
ETco2 increasing with each change from con-

ventional to active compression-decompres-
sion cardiopulmonary resuscitation and
decreasing on the return to conventional car-

diopulmonary resuscitation (fig 2). Some 32
(89%) of the 36 patients had improved
ETco2 with active compression-decompres-
sion cardiopulmonary resuscitation.

ARTERIAL PRESSURE
Arterial pressure was measured through a

femoral arterial line in 10 patients. The sys-
tolic and diastolic pressures at the end of the

Figure 2 Changes in end
tidal carbon dioxide
(ETco) in one patient
who had repeated cycles of
conventional and active
compression-decompression
cardiopulmonary
resuscitation.
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Table 1 Arterial pressure during cardiopulmonary
resuscitation

Arterial pressure (mmHg)
Systolic Diastolic

Conventional cardio- 52 31
pulmonary resuscitation

Active compression- 95 34
decompression cardio-
pulmonary resuscitation

p < 0 007 NS

NS, not significant.
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Figure 3 Arterial
pressure traces.
(A) Conventional
cardiopulmonary
resuscitation. (B) active
compression-
decompression
cardiopulmonary
resuscitation.
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third minute of the first cycles of conven-
tional and active compression-decompression
cardiopulmonary resuscitation were recorded.
The systolic pressure was greater with active
compression-decompression than conven-
tional cardiopulmonary resuscitation in nine
of the 10 patients. The mean systolic pressure
was significantly increased with the new tech-
nique. There was no significant difference in
the diastolic pressures achieved with the two
methods of cardiopulmonary resuscitation
(table 1).
The shape of the arterial pressure wave

differed markedly with the two techniques
(fig 3). The compression phase during
active compression-decompression cardiopul-
monary resuscitation resulted in a steep
increase in arterial pressure with a marked
notch while conventional cardiopulmonary
resuscitation was associated with a much
slower rise in pressure.

CENTRAL VENOUS ACID-BASE STATUS
The acid-base status of central venous blood

Table 2 Central venous acid-base status

Conventional Active compression-
cardio- decompression
pulmonary cardiopulmonary
resuscitation resuscitation P value

Hydrogen ion concentration (mmol/) 88-6 102-4 0-025
Partial pressure of carbon dioxide (kPa) 8-6 9 9 NS (0-13)
Partial pressure of oxygen (kPa) 4-7 6-3 NS (0-14)
Bicarbonate concentration (mmol/1) 18-5 17-1 NS (0 36)

NS, not significant.

was assessed in 11 patients. Blood was taken
from a central venous catheter at the end of
the first two cardiopulmonary resuscitation
cycles for acid-base analysis. There was a sig-
nificant increase in the hydrogen ion concen-
tration on changing from conventional to
active compression-decompression cardiopul-
monary resuscitation, and a rise in the partial
pressures of oxygen (Po2) and carbon dioxide
(Pco2), although these did not attain statisti-
cal significance (table 2).

Discussion
Our results confirm that active compression-
decompression cardiopulmonary resuscitation
is associated with better haemodynamic sta-
tus than conventional cardiopulmonary resus-

citation, as demonstrated by improved ETco2
and systolic pressure and an increase in the
products of metabolism and Po2 in central
venous blood. We used a mechanical
thumper to administer conventional car-

diopulmonary resuscitation. This has the
advantage of being able to be programmed to
give consistent chest compression at the rate
and depth recommended in the guidelines of
the European Resuscitation Council.I'
Studies comparing cardiopulmonary resusci-
tation using a thumper and manual car-

diopulmonary resuscitation confirm similar
patterns of blood flow'2 and haemodynamic
state'3 with the two techniques. The amount
of carbon dioxide (Co2) in expired air
depends on CO2 production, ventilation, and
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pulmonary blood flow. ETco, is a reliable
non-invasive indicator of cardiac output dur-
ing low cardiac output states such as during
cardiopulmonary resuscitation as pulmonary
blood flow is the limiting factor for co2 excre-
tion. Production of co2 in patients with car-
diac arrest is constant if sodium bicarbonate
is not administered, and therefore under con-
ditions of constant ventilation ETco,
depends on cardiac output, not arterial co2
tension.1458 Increased ETco, during car-
diopulmonary resuscitation is associated with
increased cerebral blood flow,'7 coronary per-
fusion pressure,'8 and the likelihood of suc-
cessful resuscitation.'9 In this study changing
from conventional to active compression-
decompression cardiopulmonary resuscitation
was associated with a significant increase in
ETco,. There was a significant decrease in
ETco, on returning to conventional resusci-
tation. This indicates improved cardiac out-
put with active compression-decompression
cardiopulmonary resuscitation. ETco, during
cardiopulmonary resuscitation is dependent
on cardiac output only if ventilation remains
unchanged. Throughout the study the minute
ventilation was maintained at a constant level
using the Thumper ventilator. Some ventila-
tion is achieved using the active compression-
decompression device,7 but this would have
increased the minute ventilation and hence
tended to reduce the ETco, during active
compression-decompression cardiopul-
monary resuscitation compared with that of
conventional resuscitation. This may have
introduced a reduction in the apparent
improvement observed with active compres-
sion-decompression cardiopulmonary resusci-
tation but does not invalidate our
conclusions.

There was an improvement in systolic
pressure, closer to normal physiological levels
on changing to active compression-decom-
pression cardiopulmonary resuscitation in
nine of 10 patients studied with arterial pres-
sure monitoring. This was statistically signifi-
cant and confirms results obtained by Cohen
et al75 in a canine model and in man. The
presence of a pressure wave during cardiopul-
monary resuscitation does not necessarily
indicate anterograde blood flow. We have
previously demonstrated increased velocity of
forward blood flow with active compression-
decompression cardiopulmonary resuscitation
using transoesophageal echocardiography."2
This combined with the ETco2 evidence of
increased cardiac output indicates improved
blood flow and hence perfusion. There was
no significant difference in the diastolic pres-
sures achieved with the two methods. The
mean duration of resuscitation in the study
patients after arrival in the A&E department
was under 20 min and did not allow for direct
measurement of coronary perfusion pressure,
although the increase in ETco, suggests an
improvement with active compression-
decompression cardiopulmonary resuscita-
tion. 18

There was a significant increase in the
hydrogen ion concentration in central venous

blood on changing from conventional to
active compression-decompression cardiopul-
monary resuscitation, and smaller rises in the
Pco2 and Po2 that did not attain statistical
significance. The increase in the concentra-
tion of the products of metabolism is likely to
reflect improved venous return to the thorax.
Our group'2 and others7 have previously
demonstrated an increase in right atrial filling
on changing to active compression-decom-
pression cardiopulmonary resuscitation using
transoesophageal echocardiography. We sug-
gest that increased venous return associated
with the active decompression phase enables
active compression-decompression cardiopul-
monary resuscitation to produce an improve-
ment in cardiac output.
With an increase in cardiac output it would

be expected that the central venous Po2
would increase. The increase that we demon-
strated did not attain statistical significance
but this could be the result of the small num-
ber of patients in whom acid-base analysis of
central venous blood was performed.

During the study we experienced some
problems performing active compression-
decompression cardiopulmonary resuscitation
in the setting of an A&E department. The
technique is physically tiring and most of our
department staff were exhausted after per-
forming 3 min of active compression-decom-
pression cardiopulmonary resuscitation and
would have been unable to continue if
required to do so. A significant number of
staff were unable to complete even 1 min of
active compression-decompression cardiopul-
monary resuscitation because of fatigue and
had to be replaced. This problem has not
been reported in a large prehospital study
from the United States,9 but it may be rele-
vant that the cardiopulmonary resuscitation
in this study was administered by fire service
emergency medical technicians who, unlike
medical and nursing staff, are selected on the
basis of, and required to maintain, a high
degree of physical fitness. This inability of
most staff to perform active compression-
decompression cardiopulmonary resuscitation
for more than a few minutes has obvious
implications if the technique is to be widely
adopted.

While active compression-decompression
cardiopulmonary resuscitation improves the
haemodynamic state during cardiopulmonary
resuscitation the exertion required for the
technique may limit its acceptance and value.
A mechanical active compression-decompres-
sion device, similar to a mechanical thumper,
but incorporating an active decompression
phase would be of benefit.

UMG was supported in this research by a grant from the
Laerdal Foundation for Acute Medicine. The CardioPump
was provided by Ambu International.
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